a DNA G+C content of 37?1 mol%.
Flavobacteria and pseudomonads are traditionally known to cause spoilage in food and food products (Forsythe, 2000, pp. 96-98 and 101-103) . In the literature on meat spoilage, 'flavobacteria' is used as a generic name for yellowpigmented rods (Hendrie et al., 1969) . Usually, pathogens such as Salmonella and Campylobacter are associated with poultry, but large numbers of other bacteria often associated with spoilage are found on poultry carcasses. These include many so-called flavobacteria that may originate from the poultry itself or from the abattoir environment and which are responsible for spoilage (Hang'ombe et al., 1999) . Mai & Conner (2001) found that the incidence of members of the genus Pseudomonas and flavobacteria on chicken carcasses was 17 and 16 %, respectively. The incidence of flavobacteria on poultry is much higher than on other fresh meat (Nychas & Drosinos, 1999) .
Over the past decade, many changes have taken place in the taxonomy of the family Flavobacteriaceae, and the revised genus Flavobacterium comprises mainly aquatic bacteria that are not known in food microbiology (Bernardet et al., 1996) . Several former Flavobacterium species were transferred to the novel genus Chryseobacterium (Vandamme et al., 1994) and novel species have been described, including Chryseobacterium joostei (Hugo et al., 2003) , Chryseobacterium defluvii (Kämpfer et al., 2003) , Chryseobacterium miricola (Li et al., 2003) and, most recently, Chryseobacterium formosense , Chryseobacterium daecheongense (Kim et al., 2005a) and Chryseobacterium taichungense . 'Chryseobacterium proteolyticum' was described by Yamaguchi & Yokoe (2000) , but its name has not been validly published. In addition, two Chryseobacterium species, Chryseobacterium meningosepticum and Chryseobacterium miricola, have been reclassified into the novel genus Elizabethkingia (Kim et al., 2005b) . In general, these Chryseobacterium species are widely distributed in water, soil and the clinical environment, but they are also found in food specimens, such as milk, meat, poultry and fish (Jooste & Hugo, 1999) . During a study investigating the incidence of yellowpigmented strains isolated from meat, 36 yellow-pigmented isolates were obtained from raw chicken, at different stages of processing, from a local chicken-processing plant in the Vrystaat province (Free State, South Africa). Informtion regarding the investigated isolates, their origin and number is given in the Supplementary Table (available in IJSEM Online). The spoilage ability of this group of strains has not yet been determined. Chryseobacterium reference strains were available from the BCCM/LMG Bacteria Collection. After growth for 24 h on trypticase soy agar (BBL), cells were harvested and whole-cell protein extracts were prepared and subjected to whole-cell protein electrophoresis as described by Pot et al. (1994) . A densitometric analysis, normalization and interpolation of the protein profiles, and a numerical analysis were performed by using the GelCompar software package (Applied Maths). The 36 isolates formed three subgroups comprising 19, four and 13 isolates, respectively. Isolates belonging to the three subgroups differed mainly in the density of some protein bands (see Supplementary Figure in IJSEM Online).
High-molecular-mass DNA was prepared according to the methods of Pitcher et al. (1989) from a representative isolate of each of these three subgroups, i.e. isolates LMG 22846 T , LMG 22848 and LMG 22847, and from Chryseobacterium reference strains (see below). DNA-DNA hybridizations were performed with photobiotin-labelled probes in microplate wells as described by Ezaki et al. (1989) , using an HTS7000 Bio Assay Reader (Perkin Elmer) for the fluorescence measurements. The hybridization temperature was 33 u C. Hybridization values obtained among the three isolates were >92 %, demonstrating that the three subgroups formed a homogeneous genospecies.
In order to determine the phylogenetic position of this taxon, the 16S rRNA gene sequences of strains LMG 22846 T and LMG 22954 were determined as described by Willems et al. (2003) . The 16S rRNA gene sequences of strains LMG 22846
T and LMG 22954 showed 99?9 % similarity to each other and 96?9, 97?1 and 97?1 % similarity to those of C. joostei, Chryseobacterium indologenes and Chryseobacterium gleum, respectively, demonstrating that the taxon represented by these two strains belonged to the genus Chryseobacterium. Values towards the other type strains investigated were <96 %. Fig. 1 illustrates the phylogenetic position of this taxon within the genus Chryseobacterium. Subsequent DNA-DNA hybridizations between the type strains of the latter three species yielded a value of 46 % between strain LMG 22846 T and C. joostei LMG 18212 T ; the other values were between 27 and 32 %.
In order to determine its G+C content, DNA was degraded enzymically into nucleosides as described by Mesbah et al. (1989) . The nucleoside mixture obtained was then separated by HPLC using a Waters SymmetryShield C8 column regulated at 37 u C. The solvent was 0?02 M NH 4 H 2 PO 4 , pH 4?0, with 1?5 % acetonitrile. Non-methylated lambda phage DNA (Sigma) was used as the calibration reference. The detector used was a Waters model 484 UV-VIS absorbance detector set at 270 nm. The DNA G+C contents of strains LMG 22846 T , LMG 22847 and LMG 22848 were 37?1, 37?0 and 37?6 mol%, respectively, within the range of 34-38 mol% reported for the genus Chyseobacterium (Vandamme et al., 1994) . The whole-cell fatty acid components of seven strains representing the three subgroups and of Chryseobacterium reference strains were prepared from a loopful of wellgrown cells incubated for 24 h at 28 u C. Separation and identification of esters were performed with the Sherlock Microbial Identification system (MIDI version 3.0) as described by Vandamme et al. (1992) . Mean percentages and SD were calculated and are shown in Table 1 . As for other Chryseobacterium species, the predominant fatty acids were iso-C 15 : 0 (40-43 %), iso-C 17 : 1 v9c (16-21 %) and iso-C 17 : 0 3-OH (15-18 %).
A detailed phenotypic characterization of the 36 isolates and of Chryseobacterium reference species was subsequently performed. A 24 h culture, incubated at 25 u C, was suspended in a quarter-strength Ringer solution to give a McFarland Barium Sulphate Standard 2 suspension. A battery of tests was selected to differentiate species in the genus at 25 uC according to the methods described by Cowan (1974) , MacFaddin (1980), Gerhardt et al. (1981) and Hugo et al. (2003) . Twenty-two isolates were subjected to Biolog GN2 MicroPlate (Biolog Inc.) tests according to the manufacturer's protocol. Test results are given below in the species description and in Table 2 , which includes the biochemical tests useful for the differentiation of the novel species from recognized Chryseobacterium species.
The results of the present study demonstrate that the collection of 36 yellow-pigmented isolates from raw chicken represent a novel species in the genus Chryseobacterium, for which we propose the name Chryseobacterium vrystaatense sp. nov.
Description of Chryseobacterium vrystaatense sp. nov.
Chryseobacterium vrystaatense (vry.staa.ten9se. N.L. neut. adj. vrystaatense named after Vrystaat (Free State), the South African province where these bacteria were isolated).
Colonies are shiny, orange-yellow and translucent with entire edges. Cells are Gram-negative, catalase-and oxidasepositive and produce flexirubin-type pigments; they are non-motile and neither oxidative nor fermentative. Colonies are seen after 24 h growth at 4, 15, 25 and 32 u C on nutrient agar, but no growth occurs at 37 u C or above. Growth on MacConkey agar no. 3 (Oxoid CM115) is observed after 48 h at 15, 25 and 32 u C for all but one strain that grows only on MacConkey agar after 48 h at 32 u C. All strains grow in nutrient broth containing 1 and 2 % NaCl (w/v); growth in 3 % NaCl broth is strain-dependent (14 strains, excluding the type strain, test positive for growth). Although several strains initially show growth at different salt concentrations, only five show growth in 4 % NaCl broth after 5 days incubation (R-23493, R-23569, R-23575, R-23576 and R-23595) . Strains show strong DNase activity and also urease and lecithinase activity, but no starch or tyrosine hydrolysis. Reactions on triple-sugar agar (Oxoid CM277) and 10 % lactose are alkaline. Ability to produce H 2 S varies depending on incubation time on triple-sugar agar and SIM medium (Oxoid CM435). Both media contain sodium thiosulfate, but SIM medium also contains ferrous ammonium sulfate and >50 % of strains give a positive reaction. All strains tested (n=22) Table 2 . Phenotypic properties that differentiate C. vrystaatense sp. nov. from other Chryseobacterium species and related taxa Taxa: 1, C. vrystaatense (n=36); 2, C. indoltheticum (n=1); 3, C. balustinum (n=1); 4, C. gleum (n=1); 5, C. indologenes (n=1); 6, C. scophthalmum (n=1); 7, C. joostei (n=1); 8, C. defluvii (n=1); 9, C. formosense (n=1); 10, C. daecheongense (n=1); 11, C. taichungense (n=1); 12, Elizabethkingia meningoseptica (n=1); 13, Elizabethkingia miricola (n=1). Data are taken from Li et al. (2003) (13), Young et al. (2005) (9), Kim et al. (2005a) (10) and Shen et al. (2005) (11) . +, Positive; W, weakly positive; 2, negative; D, delayed; NA, not available.
Characteristic
1 2 3 4 5 6 7 8 9 10 11 12 13
Growth on: Cetrimide agar +* 2 2 2 + 2 + 2 NA NA NA + + MacConkey agar 2D + + + + 2 + 2 2 2 2 + + Growth on nutrient agar at/in: 5 uC + + + 2 2 + + 2 2 2 2 2 NA 37 uC 2 2 + + + 2 2 + 2 + + + 2 42 uC 2 2 2 2 + 2 2 + 2 2 2 + NA 3 % NaCl 2 W W + + W W 2 NA NA NA W NA Enzyme activity: Urease + 2 2 2 2 + + 2 2 2 2 D + Lecithinase + + + + + + + + NA NA NA 2 + Nitrate reduction 2 2 + + 2 2 2 2 2 + NA 2 2 Nitrite reduction + 2 2 + 2 2 2 2 2 2 NA + 2 Aesculin hydrolysis + + + + + + + + + + NA + + Starch hydrolysis 2 2 2 + + 2 + W NA + NA 2 2 Tween 80 hydrolysis + + + + + + + NA 2 2 NA 2 + Tyrosine hydrolysis 2 D 2 + 2 + + + NA NA NA D 2 Production of:
Hydrogen sulfide 23d + 2 2 2 2 2 2 2 2 2 2 + Indole + + + + + 2 W W + 2 W D + Variable reactions are scored as: *positive for all strains except R-23519, R-23533 and R-23598; Dthe majority of strains were negative, although some grew after 48 h at 25 uC. dNumber of strains that tested positive, including the type strain.
